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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to linear and 
angular displacement sensors and to variable resistors, 
and more particularly to linear and angular displace- 
ment sensors and variable resistors using giant magne- io 
toresistance. 

Descripti on of the Relatftri Ar^ 

[0002] Unear and angular displacement sensors is 
are used in high -precision machining and measuring, 
for manufacturing and testing components with very 
tight dimensional tolerances. These devices are typi- 
cally coupled to lathes, presses, robot arms. etc. 
[0003] Typical displacement sensors operate by 20 
measuring the inductance of a metal bar passing 
through a solenoid coil. These sensors have several 
drawbacks. They have limited precision, are bulky, are 
not readily portable, are sensitive to vibrations, are 
expensive to fabricate, and use large amounts of power 25 
in operation. 

[0004] The document US-A-5.206,590 describes a 
magnetoresistive sensor based on a spin-valve struc- 
ture comprising a giant magnetoresistant strip. The strip 
consists of a hard ferromagnetic layer, a softer ferro- 30 
magnetic layer over the hard ferromagnetic layer, and a 
conductive nonmagnetic layer interposed between and 
contacting the ferromagnetic layers. Measurement of a 
magnetic field strength is accomplished using the influ- 
ence of rotation of magnetic domains in the softer ferro- 35 
magnetic layer on the resistance of the strip. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of this invention to 40 
make an inherently linear, high precision, compact, 
portable. vibration insensitive, displacement sensor that 
is inexpensive to fabricate, uses little power in opera- 
tion, fs non-volatile (i.e.. does not lose calibration eacii 
time it is turned off), and has an output that can be con- 45 
verted readily to an electronic readout. 
[0006] It is a further object of this invention to make 
a variable resistor sharing these features. 
[0007] These objects of the invention are accom- 
plished by the structures hereinafter described. so 
[0008] The present invention is a displacement sen- 
sor, having a giant magnetoresistant strip, including at 
least one layered structure. This layered structure 
includes a harder magnetic (hard ferromagnetic or anti- 
ferromagnetically-pinned) layer having a fixed magnetic ss 
state, a second, softer, magnetic layer, and a metal layer 
interposed between and contacting these two layers to 
prevent exchange coupling between the two layers. The 



invention also includes means for inducing a domain 
wall, at a measurand position, between regions of non- 
aligned (i.e.. opposing or misaligned) magnetic fields in 
the softer magnetic layer, and means for measuring 
electrical resistance between points on opposite sides 
of the structure. 

[0009] In operation, the means for inducing a 
domain wall is positioned relative to the giant magne- 
toresistant strip. The resistance across the strip is 
measured, and from this resistance measurement the 
position of the domain wall is determined. By fixing one 
workpiece to the giant magnetoresistant strip and 
another workpiece to the inducing means, the linear dis- 
placement between the two workpieces is monitored by 
monitoring electrical resistance. 
[0010] The present invention is also a variable 
resistor, which is operated by positioning the means for 
inducing the domain wall at a selected position, to set 
the resistance across the strip to a desired value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] A more complete appreciation of the inven- 
tion will be readily obtained by reference to the following 
Description of the Preferred Embodiments and the 
accompanying drawings in which like numerals in differ- 
ent figures represent the same structures or elements, 
wherein: 

FIG- 1 is a cross-sectional view of a laminate struc- 
ture with layers of aligned magnetic fields. 
FIG. 2 is a cross-sectional view of a laminate struc- 
ture with layers of opposing magnetic f ields. 
FIG. 3 is a side view of a laminate structure with a 
domain wall in one of the magnetic layers, separat- 
ing regions of opposing magnetic fields in this layer. 
FIG. 3A is a side view of a laminate structure with a 
domain wall in one of the magnetic layers, separat- 
ing regions of opposing magnetic fields in this layer, 
and with a antiferromagnetically-pinned layer hav- 
ing a fixed magnetic state. 

FIG. 4 is a cross-sectional view of a preferred 
embodiment of the invention. 
FIG. 5 is a top view of a preferred embodiment of 
the invention. 

FIG. 6 is a detailed view of a pair of Indexing mag- 
nets positioned for inducing a domain wall in a soft 
magnetic layer according to the invention. 
FIG. 7 is a cross-sectional view of a multilaminate 
structure according to the invention. 
FIG. 8 is a cross-sectional view of another laminate 
structure according to the invention, with the harxd 
magnetic layer over the soft magnetic layer. 
FIGS. 9 and 10 are an exploded view and a top 
view, respectively, of another embodiment of the 
invention. 

FIG. 11 is a perspective view of another embodi- 
ment of the invention, with the domain wall parallel 
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to the direction of current flow in the laminar struc- 
ture. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 5 

[0012] Giant magnetoresistance. or GMR. is a rela- 
tively newly-discovered phenomenon. Briefly stated. It 
has been discovered that there is a significant differ- 
ence (on the order of between about 8% and about w 
20%) in electrical resistance between the structure 
shown in FIG. 1 and the structure shown in FIG. 2. 
[0013] FIG. 1 shows a laminate structure 10 with 
ferromagnetic layers 12,14 having aligned magnetic 
fields, where these layers are separated by and in con- is 
tact with a nonmagnetic conductive layer 13. As carriers 
(generally electrons) are injected from a contact 16 into 
the top ferromagnetic layer 12, the can-iers are spin- 
polarized. These spin-polarized carriers are free to 
travel through this ferromagnetic layer and the other 20 
conductive layers 13,14 in this structure 10. Conse- 
quently, the electrical resistance experienced by the 
current associated with the flow of these carriers will be 
related to the thickness of this structure 10. 
[0014] In contrast. FIG. 2 shows a laminate struc- 25 
ture 20 with ferromagnetic layers 22,24 having opposing 
magnetic fields, separated by and in contact with a non- 
magnetic conductive layer 23. As carriers are injected 
from a contact 16 into the top ferromagnetic layer 22, 
the carriers are spin -polarized. These spin-polarized 30 
carriers are free to travel through this ferromagnetic 
layer 22 and the adjacent nonmagnetic layer 23. How- 
ever, when these spin-polarized carriers strike the inter- 
face with ferromagnetic layer 24 having a nonaligned 
magnetic field, the carriers are scattered bacK away 35 
from this layer, according to the giant magnetoresist- 
ance (i.e., spin-valve) effect. Giant magneto-resistance 
is a function of the angle between the magnetic fields in 
the two layers. Scattering is minimized when the fields 
are parallel, and maximized when the fields are antipar- 40 
allel (opposing). When the fields are opposing, the cur- 
rent associated with the flow of these carriers is 
impeded from traveling through the entire thickness of 
this structure 20. and the electrical resistance experi- 
enced by this current will be higher, related to the thick- 45 
ness of only the top two layers 22,23 of this structure 20. 
[0015] An intermediate case according to the 
present invention is shown in FIG. 3. In this case, the 
laminate structure 30 has a bottom layer 34 with a fixed 
magnetic state, artd a (relatively) soft magnetic top layer so 
32 with regions 35,36 of opposing magnetic fiekls. 
These regions 35,36 are separated by a domain wall 
37. Between and contacting these two layers 32,34 is a 
nonmagnetic conductive metal layer 33 for preventing 
exchange coupling between the two magnetic layers ss 
32,34. As carriers are Injected from a contact 16 into the 
top ferromagnetic layer 32. the carriers are spin-polar- 
ized. These spin-polarized carriers are free to travel 



through this ferromagnetic layer 32. the nonmagnetic 
layer 33. and the bottom ferromagnetic layer 34, 
Because the effective thickness of the conductor is rela- 
tively large, electrical resistance will be relatively low on 
this side of the domain wall 37. 

[0016] As the spin-polarized carriers travel further 
down this structure 30. to the far side of the domain wall 
37. they will be confined to the bottom two layers 33,34 
of the laminate structure 30, in accordance with the 
giant magnetoresistance effect. Electrical resistance 
will be relatively high on this side of the domain wall. 
Consequently, the overall electrical resistance of the 
laminar structure 30 will be a linear function of the loca- 
tion of the domain wall 37. Positioning the domain wall 
37 toward the left of the laminar structure, away from the 
contact 1 6 injecting the carriers, will result in a relatively 
low electrical resistance for the laminar structure 30. 
Positioning the domain wall 37 toward the right of the 
laminar structure 30. near the contact 16 injecting the 
carriers, will result in a relatively high electrical resist- 
ance for the laminar structure 30. 
[0017] Another embodiment of this laminate struc- 
ture according to the invention is shown in FIG, 3A, 
where the bottom magnetic layer is fixed in its magnetic 
state with an antiferromagnetic pinning layer 81 . 
[0018] Note tiiat the spin-polarized carriers travel a 
non-reciprocal path. If the carriers are injected from the 
left side of the domain wall 37. tiie spin-polarized carri- 
ers will be confined to the top two layers 32,33 of the 
laminate structure 30 on the near side of the domain 
wall 37. but will be free to travel through the entire thick- 
ness of the laminate structure 30 on the far side of the 
domain wall 37. In this case, moving the domain wall 37 
to the left will decrease electrical resistance, while mov- 
ing it to the right will increase electrical resistance. 
[0019] Accordingly, a magnetoresistive displace- 
ment sensor will measure the relative position of two 
workpieces by fixing the first workpiece to a magnetore- 
sistive laminar structure and fixing the second work- 
piece to means for inducing a domain wall in a relatively 
soft ferromagnetic layer in this laminar structure, and 
measuring the electrical resistance of the laminar struc- 
ture as a function of the relative positions of the two 
workpieces. As used herein, workpieces are elements 
having a relative displacement measured by the sensor 
of the Inverrtion. Examples of workpieces. as the term is 
used herein, are machine pans having positions that 
need to be known with great accuracy and precision. 
[0020] FIGS. 4 and 5 show, respectively, a cross- 
sectional view and a top view of a preferred embodi- 
ment 40 of the invention. In this embodiment of the 
invention, the laminar structure 30 is coupled to the first 
workpiece 38, shown in FIG. 4 as a substrate. The layer 
34 with the fixed magnetic state (i.e.. the magnetically 
harder layer) is disposed over the substrate, with the 
magnetic field lines oriented "into" the drawing sheet. 
Over, and contacted to. this layer 34 is the non-magnetic 
metal buffer layer 33, Over and contacted to this buffer 
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layer 33 is the magnetically softer layer 32. preferably 
with the magnetic field lines on one side 35 of the 
domain wall 37 oriented "into" the drawing sheet, and 
with the magnetic field lines on the other side 36 of the 
domain wall 37 oriented "out of" the drawing sheet. A 5 
standard four-probe configuration connects the laminar 
structure 30 to an ohmmeter 50 (comprising a constant 
current source 52 and a volt meter 54, connected in par- 
allel), which provides the operating current and meas- 
ures the electrical resistance of the structure 30. ^0 
[0021] As shown in FIG. 6, a pair of indexing mag- 
nets 56,58 with preferably opposing magnetic fields are 
positioned to induce the domain wall 37 in the softer 
magnetic layer 32. These magnets 56,58 are coupled to 
the second workpiece (not shown) This configuration of 15 
magnets is particularly preferred, because it provides a 
very well defined domain wall 37 in the softer magnetic 
layer 32. Skilled practitioners will recognize, however, 
that many configurations for inducing a domain wall are 
known. In selecting a particular means for inducing a 20 
domain wall, skilled practitioners will consider minimiz- 
ing hysteresis and maximizing domain wall definition, 
following known principles of ferromagnetism. It is pre- 
ferred to minimize hysteresis In the domain wall to 
improve two-way precision in the sensor. 25 
10022] Preferred materials for the harder magnetic 
layer 34 include hard ferromagnetic materials (e.g., Co. 
Fe, and alloys thereof) and antiferromagnetically-pinned 
materials. In a sense, antiferromagnetic materials are 
the hardest magnetic materials, because their net mag- 30 
netic fields are completely insensitive to external mag- 
netic fields. Consequently use of an antiferromagnetic 
layer 81 to pin the hard magnetic layer 34 permits the 
use of a relatively hard magnetic material (e.g.. Fe) for 
the softer magnetic layer. Suitable antifen'omagnetic 35 
materials for pinning include FeMn and rare earth alloys 
(e.g.. TbFe). 

[0023] Many ferromagnetic materials have poor 
scattering efficiency which will result in poor magnetic 
polarization. Preferably as shown in FIG. 7. the interfa- 40 
cial regions this layer 34 will Include a thin coating 61 (1 
to 5 atoms thickness is sufficient) of a strong scattering 
element, such as Fe. to enhance magnetic polarization. 
Preferably the harder magnetic layer 34 will be between 
about 50 A and about 1000 A thick. Other exemplary 4s 
hard magnetic materials are described in United States 
Patent No. 4.402.770 by Koon. 

[0024] Preferred materials for the softer magnetic 
layer 32 Include Ni. Fe. permalloy Co. and combinations 
thereof(such as alloys and multilayer sandwiches), so 
Generally speaking, in magnetically hostile environ- 
ments it is preferred to use a relatively hard magnetic 
material for this layer 32, to avoid interference problems. 
In environments that are not magnetically hostile it is 
preferred to use a magnetic material in which it is easy 55 
to establish a well-defined domain wall. Preferably, the 
softer magnetic layer 32 will be between about 50 A and 
about 1000 A thick. Other exemplary soft magnetic 



materials are described in United States Patent No 
4.409,043 by Koon. 

[0025] FIG. 7 also shows another laminar structure 
60 according to the present invention. In this multilay- 
ered embodiment, a plurality of softer magnetic layers 
32 and a plurality of harder magnetic layers 34 are inter- 
laced, and the magnetic layers 32,34 are separated by 
and in contact with nonmagnetic buffer layers 33. This 
multilayered configuration provides enhanced dynamic 
range for the sensor, up to the limit of the thickness T 
being less than or equal to the spin relaxation distance. 
[0026] Preferred materials for the nonmagnetic 
buffer layer 33 include Cu, Pt. Ag. Au, and combinations 
thereof. Preferably the nonmagnetic buffer layer 33 will 
be between about 50 A and about 1000 A thick. 
[00271 Skilled practitioners will recognize that it is 
preferred to configure this sensor 40 so that the electri- 
cal resistance of the laminate structure 30 is several 
orders of magnitude lower (typically about nine orders 
of magnitude lower) than the resistance through the 
voltmeter 54. so that essentially all the current from the 
constant current source 52 goes through the laminate 
structure 30. Skilled practitioners will also recognize 
that it is preferred to maximize gain (AR/R) for the sen- 
sor. 

[0028] FIG. 8 shows another laminar structure 70 
according to the invention. In this embodiment of the 
Invention, the magnetically harder layer 34 is the top 
layer. This layer 34 spin-polarizes the injected carriers. 
The magnetically softer layer 32 is the bottom layer. A 
non-magnetic buffer layer 33 contacts with and sepa- 
rates the two magnetic layers 32,34. Since the interface 
with the magnetically softar layer 32 will be the scatter- 
ing surface in this embodiment, a thin film 61 of a high 
efficiency scattering element may be provided to 
increase scattering efficiency 

[0029] FIGS. 9 and 10 show an embodiment of the 
invention that operates as an angular displacement sen- 
sor 80. In this embodiment of the invention, one of the 
workpieces 38 will have an axis of rotation relative to the 
second workpiece 39. As shown in FIG. 9. in this 
embodiment of the invention, the magnetoresistant strip 
90 forms an essentially arcuate member having a 
center essentially on this axis of rotation. The harder 
magnetic layer is an open ring 34 having a fixed mag- 
netic state. The softer magnetic layer is an open ring 32 
having a domain wall 37 induced by one or more index- 
ing magnets (not shown) separating regions 35,36 of 
nonaligned. preferably opposing, magnetic field. The 
two magnetic layers again are in contact with and sepa- 
rated by a nonmagnetic metal buffer layer 33. 
[0030] As shown in FIG. 10. a pair of indexing mag- 
nets 56,58 preferably are positioned for inducing a 
domain wall 37 separating regions 35,36 of opposing 
magnetic polarity These indexing magnets are coupled 
to the second workpiece 39, which is rotatably mounted 
for moving, as indicated by the arrows, about the axis of 
rotation, so that the angular displacement of the domain 
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wait 37 follows the angular displacement of the second 
workpiece 39. The ends of the softer magnetic ring 33 
are coupled, through a standard four probe arrange- 
ment, to a voltmeter 54 and a constant current source 
52, connected in parallel. 

[0031] As shown in FIG. 11, another preferred 
embodiment of the invention has the domain wall 37 
induced parallel to the direction of current flow. In this 
embodiment of the invention, the indexing magnets (not 
shown) are movably positioned for inducing a domain 
wall parallel to the direction of current flow in the laminar 
structure. In this embodiment of the invention, the posi- 
tion of the domain wall will determine the effective 
cross-sectional area of the conductor, thereby determin- 
ing the resistance across the laminar structure. 
[0032] Any of the embodiments of the invention 
may also be operated as a variable resistor. Operating 
the present invention as a variable resistor entails posi- 
tioning the indexing magnet(s). thereby positioning the 
domain wall in the softer magnetic layer, producing a 
desired resistance across the laminar structure. 
[0033] Obviously, many modifications and varia- 
tions of the present invention are possible in light of the 
above teachings, it is therefore to be understood that, 
within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically 
described. 

Claims 

1 . A sensor for measuring the displacement between 
a first workpiece and a second workpiece, compris- 
ing: 

a giant magnetoresistant strip fixed to said first 
workpiece, wherein said magnetoresistant strip 
comprises at least one laminate structure, 
wherein said laminate structure comprises a 
first hard ferromagnetic or antiferromagneti- 
cally-pinned layer, a second magnetic layer 
over said first hard ferromagnetic or antiferro- 
magnetic layer, wherein said second magnetic 
layer comprises a softer magnetic material 
than said first layer, and a conductive layer 
interposed between and contacting said first 
and second layers, for preventing essentially all 
exchange coupling between said first and sec- 
ond layers; 

inducing means for inducing a domain wall, at a 
measurand position, between regions of mag- 
netic fields in said second magnetic layer, 
wherein said magnetic fields are not aligned 
with each other, wherein said inducing means 
is fixed to said second workpiece; and 
measuring means for measuring electrical 
resistance between points on said magnetore- 
sistant strip, thereby measuring said position of 
said domain wall, thereby measuring the posi- 
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tion of said second workpiece relative to said 
first workpiece. 

2. The sensor of claim 1, wherein said inducing 
5 means comprises one or more indexing magnets. 

3. The sensor of claim 2, wherein said one or more 
indexing magnets comprise at least two indexing 
magnets having essentially opposing magnetic 

10 moments, disposed on opposing sides of said mag- 
netoresistant strip, wherein said essentially oppos- 
ing magnetic moments in said opposing indexing 
magnets are essentially perpendicular to said 
domain wall. 

IS 

4. The sensor of claim 1. wherein said measuring 
means comprises means for directing current 
through said magnetoresistant strip and means for 
measuring the voltage across said magnetoresist- 

20 ant strip. 

5. The sensor of claim 1 . wherein said ferromagnetic 
or antiferromagnetic layer having a fixed magnetic 
state comprises a metal selected from the group 

25 consisting of Cr, Co, Fe. Ni. Mn. and alloys thereof. 

6. The sensor of claim 1 . wherein said ferromagnetic 
or antiferromagnetic layer having a fixed magnetic 
state comprises an antiferromagnetic metal coated 

30 with a thin film of a ferromagnetic metal. 

7- The sensor of claim 1 , wherein said layer compris- 
ing a softer magnetic material comprises a metal 
selected from the group consisting of Fe, Co. Mn, 
35 Ni. and alloys thereof. 

8. The sensor of claim 1 , wherein said sensor is a lin- 
ear displacement sensor, and wherein said magne- 
toresistant strip forms an essentially straight 

40 member perpendicular to said domain wall. 

9. The sensor of claim 1 , wherein said sensor is a lin- 
ear displacement sensor, and wherein said magne- 
toresistant strip forms an essentially straight 

45 member parallel to said domain wall. 

10. The sensor of claim 1, wherein said sensor is an 
angular displacement sensor for measuring the 
rotation of said second workpiece relative to said 

50 first workpiece. wherein said second workpiece is 
mounted to rotate about an axis of rotation relative 
to said first workpiece. wherein said magnetoresist- 
ant strip forms an essentially arcuate member hav- 
ing a center essentially on said axis of rotation, 

55 wherein said means for inducing said domain wall 
comprises means for inducing a domain wall 
essentially radial to said arcuate memt>er. 
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11 . A sensor for measuring the displacement between 
a first workpiece and a second workpiece, compris- 
ing: 

a giant magnetorestistant strip fixed to said first 
workpiece, comprising a plurality of hard ferro- 
magnetic or antiferromagnetic layers alternat- 
ing with a plurality of magnetic layers 
comprising a softer magnetic material, wherein 
each of said ferromagnetic or antiferromagnetic 
layers and said layers comprising said softer 
magentic material contact with and are sepa- 
rated by nonmagnetic conductive layers inter- 
posed between said magnetic layers, for 
preventing essentially all exchange coupling 
between said magnetic layers, 
means for inducing domain walls, at measur- 
and positions, between regions of magnetic 
fields in said softer magnetic layers, wherein 
said magnetic fields are not aligned with each 
other, wherein said inducing means is fixed to 
said second workpiece; and 
means for measuring electrical resistance 
between points on said magneto-resistant 
strip, thereby measuring said positions of said 
domain walls, thereby measuring the position 
of said second workpiece relative to said first 
workpiece. 
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12. A variable resistor, comprising: 

a giant magnetoresistant strip, comprising at 
least one laminate structure, wherein said lam- 
inate structure comprises a first hard ferromag- 
netic or antiferromagnetically-pinned layer 
having a fixed magnetic state, a second mag- 
netic layer over said first magnetic layer, and a 
nonmagnetic conductive layer interposed 
between and contacting said magnetic layers, 
wherein said second magnetic layer comprises 
a softer magnetic material than said first mag- 
netic layer; and 

means for inducing a domain wall, at a selected 
point, between regions of nonaligned magnetic 
field in said second magnetic layer, thereby set- 
ting the resistance across said magnetoresist- 
ant strip to a selected value. 

Patentanspruche 
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Sensor zur Messung der Verschiebung oder Veria- 
gerung zwischen einem ersten WerkstOck und 
einem zweiten Werkstuck mit: 

Einem ultra- magnetoresistiven Streifen, der am 
ersten Werkstuck befestigt ist, welcher magne- 
toresistive Streifen mindestens elne Laminat- 
struktur besitzt wobei die Laminatstruktur eine 
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6. 



erste ferromagnetisch oder antiferromagne- 
tisch fixierte harte Schicht und eine zweite 
magnetische Schicht uber der ersten ferroma- 
gnetisch Oder antiferromagnetisch harten 
Schicht aufweist. wobei die zweite magneti- 
sche Schicht ein magnetisches weicheres 
Material enthait. als die erste Schicht, und 
einer zwischen der ersten und der zweiten 
Schicht angeordneten und diese beriihrenden 
leitfahigen Schicht, urn im wesentlichen jede 
Austauschkopplung zwischen der ersten und 
der zweiten Schicht zu verhindern; 
Induziermittein zum Induzieren einer DomS- 
nenwand in einer Messstellenposition zwi- 
schen Bereichen magnetischer Felder in der 
zweiten magnetischen Schicht, wobei die 
magnetrschen Felder nicht miteinander uber- 
einstimmen und die Induziermittel am zweiten 
Werkstuck befestigt sind; und 
Messmittein zur Messung des elektrischen 
Widerstandes zwischen Punkten auf dem 
magnetoresistiven Streifen. um die Position der 
DomSnenwand und dadurch die Position des 
zweiten Werkstucks relativ zum ersten Werk- 
stuck zu messen. 

Sensor nach Anspruch 1. bei dem die Induktions- 
mittel einen oder mehrere Indexiermagnet(e) auf- 
weist bzw. ausweisen. 

Sensor nach Anspruch 2, bei dem der oder die 
Indexiermagnet(e) mindestens zwei Indexierma- 
gnete mit im wesentlichen entgegengesetzten 
magnetischen Momenten umfassen, die an entge- 
gengesetzten Seiten des magnetoresistiven Strei- 
fens angeordnet sind, wobei die im wesentlichen 
entgegengesetzten magnetischen Momente in den 
einander gegenuber stehenden Indexiermagneten 
im wesentlichen senkrecht zu der Domanenwand 
gerichtet sind. 

Sensor nach Anspruch 1, bei dem die Messmittel 
Mittel zur Stromleitung durch den magnetoresisti- 
ven Streifen und Mittel zur Messung der am magne- 
toresistiven Streifen aniiegenden Spannung 

aufweisen. 

Sensor nach Anspruch 1, bei dem die ferromagne- 
tische Oder antiferromagnetische Schicht mit 
festem magnetischem Zustand ein Metall gewahit 
aus der Gruppe bestehend aus Cr, Co, Fe, Ni, Mn 
und Legierungen hiervon enthait 

Sensor nach Anspruch 1. bei dem die ferromagne- 
tische Oder antiferromagnetische Schicht mit 
festem magnetischem Zustand ein antiferromagne- 
tisches Metall enthait. das mit einem diinnen Film 
eines ferromagnetischen Metalls beschichtet ist. 
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7. Sensor nach Anspruch 1, bei dem die ein magne- 
tisch weicheres Metall enthaltende Schicht ein 
Metall gewahit aus der Gruppe bestehend aus Fe. 
Co. Mn. Ni und Legierungen hiervon enthait. 

5 

8. Sensor nach Anspruch 1 . bei dem der Sensor ein 
Linearverlagerungs- Oder - verschiebungssensor 
ist und wobei der magnetoresistive Streifen ein im 
wesentlichen gerades Teil senkrecht zur Domdnen- 
wand bildet. io 

9. Sensor nach Anspruch 1 , bei dem der Sensor ein 
Linearverlagerungs- Oder - verschiebungssensor 
ist und wober der magnetoresistive Streifen ein im 
wesentlichen gerades Teil parallel zur Domdnen- is 
wand bildet. 

10. Sensor nach Anspruch 1. bei dem der Sensor ein 
Winkelverlagerungs- Oder - verschiebungssensor 
zur Messung der Drehung des zweiten Werkstucks 20 
retativ zum ersten Werkstuck ist, wobei das zweite 
Werkstuck zur Drehung um eine Rotationsachse 
relativ zum ersten WerkstOck angeordnet ist. der 
magnetoresistive Streifen ein im wesentlichen 
bogerrfdrmiges Teil mit einem im wesentlichen auf- 25 
der Rotationsachse liegenden Mittelpunkt bildet 
und das Mittel zum Induzieren einer Domdnenwand 
Mittel zum Induzieren einer Domdnenwand im 
wesentlichen radial zu dem bogenfOrmigen Teil 
umfasst. 30 

11. Sensor zur Messung der Verlagerung oder Ver- 
schiebung zwischen einem ersten Werkstuck und 
einem zweiten Werkstuck mit: 

35 

einem an dem ersten WerkstQck befestlgten 
ultra-magnetoresistiven Streifen mit mehreren 
ferromagnetisch oder anti-ferromagnetisch 
harten Schichten und abwechselnden magne- 
tischen Schicht die ein magnetisch weicheres 40 
Material enthalten. wobei jede der ferromagne- 
tischen oder antiferromagnetischen urKi der 
das weichere Material enthaltenden Schichten 
sich mit zwischen den magnetischen Schichten 
angeordneten Schichten aus nichtmagneti- 45 
schem Material in Kontakt befinden und durch 
diese getrennt sind, um im wesentlichen jede 
Austauschkopplung zwischen den magneti- 
schen Schichten zu verhindern; 
Mittel zum Induzieren von Dom^enwdnden an so 
Messstellen zwischen Bereichen magnetischer 
Felder in den magnetisch weicheren Schich- 
ten, wobei die magnetischen Felder nicht 
zueinander ausgerichtet sind und die Induzier- 
mittel am zweiten WerkstCick befestigt sind; ss 
und 

Mittein zur Messung des elektrischen Wider- 
standes zwischen Punkten auf dem magneto- 



resistiven Streifen, um die Position der 
Dom^enwdnde und damit die Position des 
zweiten WerkstGcks relativ zum ersten Werk- 
stuck zu messen. 

12. Variabler Widerstand mit 

einem ultra-magnetoresistiven Streifen. der 
mindestens eine Laminatstruktur besitzt, wobei 
die Laminatstruktur eine erste ferromagnetisch 
Oder antiferromagnetisch f ixierte harte Schicht 
mit einem festen Magnetzustand, eine zweite 
magnetische Schicht aufder ersten magneti- 
schen Schicht und eine mit den magnetischen 
Schichten in Kontakt stehende und diese tren- 
nende nichtmagnetische teitfdhige Schicht auf- 
weist. wobei die zweite magnetische Schicht 
ein magnetisch weicheres Material enthdit, als 
die erste Schicht. und 

Mittel zum Induzieren einer DomSnenwand an 
einem ausgewdhlten Punkt zwischen Berei- 
chen von nicht ausgerlchtetem magnetischem 
Feld in der zweiten magnetischen Schicht. um 
dadurch den Widerstand des magnetoresisti- 
ven Streifens aufeinem gewahlten Wert festzu- 
legen. 

Revendications 

1. Capteur pour mesurer le d^lacement entre une 
premiere pi^ce de travail et une seconde pi^ce de 
travail, comprenant: 

une bande magn6tor6sistartte g6ante f ix6e sur 
iadite premiere pi^ce de travail, ladite bande 
magn^tor^sistante comprenant au moins une 
structure empil^e, ladite structure empil^e 
comprenant une premiere couche dure ferro- 
magn6tique ou k ancrage antiferromagn6tique, 
une seconde couche magn^tique au-dessus 
de ladite premiere couche dure ferromagn^ti- 
que ou antiferromagn6tique. ladite seconde 
couche magn^tique comprenant un mat^riau 
magn^tique plus doux que celui de iadite pre- 
miere couche, et une couche conductrice inter- 
pos^e entre lesdites premiere et seconde 
couches et entrant en contact avec elles pour 
empecher essentiellement tout couplage par 
Change entre lesdites premiere et seconde 
couches: 

un moyen d'induction pour induire une pard de 
domaine, en une position de mesurande, entre 
des regions de champs magn^tiques dans 
ladite seconde couche magn^tique. lesdits 
champs magn^tiques n'etant pas align^s. ledit 
moyen d'induction 6tant fix6 k ladite seconde 
pi^e de travail; et 

un moyen de mesure pour mesurer une r^sis- 
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tance electrique entre des points sur ladite 
bande magnetor6sistante pour ainsi mesurer 
ladite position de ladite paroi de domaine de 
mani^re k ainsi mesurer la position de ladite 
seconde pi dee de travail par rapport k ladite 5 
premidre pidce de travail. 

2. Capteur selon la revendication 1, dans lequel ledit 
moyen d'induction comprend un ou plusieurs 
aimants de r^glage. 

3. Capteur selon la revendication 2, dans lequel les- 
dits un ou plusieurs ainnants de r^glage compren- 
nent au moins deux aimants de reglage prdsentant 
des moments magndtiques essentiellement oppo- is 
ses, disposes sur des c6t6s opposes de ladite 
bande magndtoresistante, lesdits moments magn§- 
tiques essentiellement opposes dans lesdits 
aimants de r§glage opposes 6tant essentiellement 
perpendiculaires k ladite parol de domaine. 20 

4. Capteur selon la revendication 1, dans lequel ledit 
moyen dc mesure comprend un moyen pour diriger 
un courant au travers de ladite bande magn6tor6- 
sistante et un moyen pour mesurer la tension au 25 
travers de ladite bande magn^toresistante. 

5. Capteur selon la revendication 1 , dans lequel ladite 
couche ferromagn§tique ou antiferromagnetique 
pr6sentant un etat magnetique fixe comprend un 30 
metal choisi parmi le groupe comprenant Cr, Co, 

Fe. Ni. Mn etdes alliages de ceux-ci. 

6. Capteur selon la revendication 1 , dans lequel ladite 
couche ferromagn6tique ou antiferromagnetique 35 
pr6sentant un 6tat magnetique fixe comprend un 
metal anti ferromagnetique rev§tu d'un film mince 

en un m6tal ferromagnetique. 

7. Capteur selon la revendication 1 . dans lequel ladite 40 
couche qui comprend un mat6riau magnetique plus 
doux comprend un metal choisi parmi le groupe 
comprenant Fe. Co, Mn, Ni et des alliages de ceux- 



8. Capteur selon la revendication 1, dans lequel ledit 
capteur est un capteur de deplacement lineaire et 
dans lequel ladite bande magnetoresistante forme 
un element essentiellement rectiligne perpendlcu- 
laire k ladite paroi de domaine. 50 



capteur est un capteur de deplacement angulaire 
pour mesurer la rotation de ladite seconde piece de 
travail par rapport k ladite premiere piece de travail, 
dans lequel ladite seconde piece de travail est mon- 
tee pour tourner autour d'un axe de rotation par 
rapport k ladite premiere piece de travail, dans 
lequel ladite bande magnetoresistante forme un 
element essentiellement Incurve presentant un 
centre essentiellement sur ledit axe de rotation, 
dans lequel ledit moyen pour induire ladite paroi de 
domaine comprend un moyen pour induire une 
paroi de domaine essentiellement radiale par rap- 
port audit element incurve. 

11. Capteur pour mesurer le deplacement entre une 
premiere piece de travail et une seconde piece de 
travail, comprenant : 

une bande magnetoresistante geante fixee sur 
ladite premiere piece de travail, comprenant 
une pluralite de couches dures ferromagneti- 
ques ou antiferromagnetiques en alternance 
avec une pluralite de couches magnetiques 
comprenant un materiau magnetique plus 
doux, dans lequel chacune desdites couches 
ferromagnetiques ou antiferromagnetiques et 
lesdites couches comprenant ledit materiau 
magnetique plus doux entrent en contact avec 
des couches conductrices non magnetiques 
interposees entre lesdites couches magneti- 
ques et sont separees par celles-ci, pour 
empecher essentiellement tout couplage par 
echange entre lasdites couches magnetiques; 
un moyen pour induire des parois de domaine, 
en des positions de mesurande, entre des 
regions de champs magnetiques dans lesdites 
couches en materiau magnetique plus doux, 
dans lequel lesdits champs magnetiques ne 
sont pas alignes. dans lequel ledit moyen 
d'induction est fixe sur ladite seconde piece de 
travail: et 

un moyen pour mesurer une resistance electri- 
que entre des points sur ladite bande magneto- 
resistante pour ainsi mesurer lesdites positions 
de lesdites parois de domaine de maniere k 
ainsi mesurer la position de ladite seconde 
piece dc travail par rapport k ladite premiere 
piece de travail. 



9. Capteur selon la revendication 1. dans lequel ledit 
capteur est un capteur de deplacement lineaire et 
dans lequel ladite bande magnetoresistante forme 

un element essentiellement rectiligne paralieie k ss 
ladite paroi de domaine. 

10. Capteur selon la revendication 1. dans lequel ledit 



12. Resistance variable comprenant: 

une bande magnetoresistante geante compre- 
nant au moins une structure empiiee, ladite 
structure empiiee comprenant une premiere 
couche dure ferromagnetique ou k ancrage 
antiferromagnetique presentant un etat 
magnetique fixe, une seconde couche magne- 
tique au-dessus de ladite premiere couche 
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magn^tique et une couch e conductrice non 
magn^tique interpos^e entre tesdites couches 
magn^tiques et entrant en contact avec celles- 
ci. ladite seconde couche magn^tique compre- 
nant un mat^riau magn^tique plus doux que s 
ceiui de ladite premiere couche magn^tique; et 
un moyen pour induire une paroi de domaine, 
en un point s6lectionn6. entre des r^ions de 
champ nnagn^tique non align§ dans ladite 
seconde couche magnetique pour ainsi §tablir w 
la resistance au travers de ladite bande 
magn^tor^sistante k une valeur s^lectionn^. 
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